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ߜ This review was undertaken to determine the efficacy of using dorsal root entry zone (DREZ) lesions to treat intractable pain caused by trauma to the conus medullaris and cauda equina. Traumatic lesions of this area are unique in that both the spinal cord and the peripheral nerve roots are injured. Although DREZ lesions have been shown to relieve pain of spinal cord origin in many patients, they have been shown not to relieve pain of peripheral nerve origin. Therefore, 39 patients with trauma to the conus medullaris and cauda equina who underwent DREZ lesioning for intractable pain were reviewed r e t r o s p e c t i v e l y .
The results of this review demonstrate the efficacy of DREZ lesions in these patients. At a mean follow-up period of 3.0 years, 54% of patients were pain-free without medications, and 20% required only nonnarcotic analgesic drugs for pain that no longer interfered with their daily activities. Better outcomes were noted in patients with an incomplete neurological deficit, with pain having an "electrical" character, and with injuries due to blunt trauma. Operative complications included weakness (four patients), bladder or sexual dysfunction (three), cerebrospinal fluid leak (two), and wound infection (two), but overall, 79.5% of patients (31 of 39) were without serious complications. Complications were limited to patients with prior tissue damage at the surgical exploration site and were most prevalent in patients who underwent bilateral DREZ lesions.
In conclusion, this preliminary report suggests that DREZ lesions may be useful in combating intractable pain from traumatic injuries to the conus medullaris and cauda equina, with some risk to neurological function that may be acceptable in this group of patients.
Patient age at the time of injury ra n ged from 17 to 66 ye a rs with a median of 29 ye a rs. The majority of patients (31 of 39) we re male. Pe n e t rating trauma, usually the result of a gunshot wound (Fi g. 1), was the most frequent cause of i n j u ry (18 patients), fo l l owed by blunt trauma (15 p atients) or avulsion injury (six patients). Pain onset wa s e a rly (Ͻ 1 month) in most (25) patients but was delaye d for more than 25 ye a rs in one pat i e n t .
Although any grouping of patients' symptoms is arbit ra ry, almost all patients described a pain that was either " bu rning" and constant (16 patients) or "electrical" and i n t e rmittent (12 patients). Some described both sensat i o n s ( s even patients). For purposes of analysis, patients we re also divided into those with "diffuse" pain below the leve l of anesthesia (16 patients) and those with pain limited to the hy p e resthetic "end zone" just ab ove the level of anesthesia (23 patients) (Fi g. 2). These ch a ra c t e ristic gro u pings have been described prev i o u s ly. 3 , 6 , 7 
Operative Procedure
The technique of placing ra d i o f re q u e n cy lesions in the DREZ has been described prev i o u s ly.
2 , 6 , 1 5 , 1 6 A laminectomy from T10-L2 is perfo rm e d, and lesions are placed in the conus medullaris along the DREZ in areas corresponding to the invo l ved derm atomes, based on pre o p e rat ive ex a m i n ation, intra o p e rat ive ap p e a rance of the nerve roots, and evo ked potential t e s t i n g. 1 2 S even patients wh o u n d e r went surge ry prior to 1982 re c e ived curre n t -c o nt rolled lesions using 60 mA for 15 seconds. These lesions we re spaced seve ral millimeters ap a rt. Later in the series, patients re c e ived thermal controlled ra d i o f re q u e n cy lesions at 75˚C for 15 seconds; using this tech n i q u e, one ra d i o f re q u e n cy lesion was made for each 1 mm of invo l ved spinal cord. With the routine use of pre o p e rat ive multiplanar imaging and intra o p e rat ive ultra s o u n d, an i n t ra m e d u l l a ry syrinx was identified in seven patients, and a Silastic catheter was used to drain the syrinx into the s u b a ra chnoid space in each case. Metal fragments within the spinal cord or subara chnoid space we re identified in 10 patients and we re re m oved when it was believed that this would not result in a new neuro l ogical defi c i t .
Illustrative Case Reports

Case 18. Conus Medullaris Injury
This 43-ye a r-old Caucasian man was re fe rred to DUMC in 1980 for eva l u ation of bilat e ral lowe r-ex t re m ity pain. Seven ye a rs earl i e r, he had suffe red a bu rst fra ct u re of the 12th thoracic ve rt eb ral body secondary to a fa l l f rom a window. This injury left him immediat e ly parap l egi c. Soon after his injury, he underwent a decompre ss ive laminectomy, Harrington rod instru m e n t ation, and p o s t e rior spinal fusion. He was pain-free until 2 ye a rs p rior to his re fe rral, when he developed progre s s ive ly s eve re bu rning pain that was initially present over the a n t e rior thighs but progressed to invo l ve both lower ext remities diff u s e ly. Wh e reas antidep ressant and narc o t i c m e d i c ations had not been helpful, acupuncture and tra n scutaneous nerve stimu l ation had provided some re l i e f.
Examination. At ex a m i n ation the patient demonstrated a spastic parap l egia. An area of hypesthesia was pre s e n t b e t ween T-10 and L-1, but sensory function and re fl exe s we re absent below this level. The patient had complete loss of bowel, bl a dd e r, and sexual function.
Operation. The posterior bony fusion mass wa s re m oved from T10-12 without disturbing the Harri n g t o n rods. This revealed a marke d ly thickened ara chnoid and a d i s t o rted spinal cord. Ten curre n t -c o n t rolled DREZ lesions we re placed on each side of the spinal cord, each at 60 mA for 15 seconds. Intra o p e rat ive ultrasound wa s used to identify an intra m e d u l l a ry syrinx that was incised and dra i n e d. A permanent catheter that emptied into the s u b a ra chnoid space was then secured in place inside the s y rinx, as has been described prev i o u s ly. 1 8 Postoperative Course. This pat i e n t 's diffuse bu rn i n g pain was absent immediat e ly after the operation. As wa s ex p e c t e d, compared to the pre o p e rat ive ex a m i n ation, the s e n s o ry level had extended cephalad to T-8 on the left and T-10 on the right. On the third postoperat ive day, the p atient complained of a re t u rn of pain in the pre o p e rat ively painful area. He stat e d, howeve r, that this pain was of a d i ffe rent ch a racter and was more tolerabl e. His postoperat ive course was otherwise uncomplicat e d, and he was disch a rged on the 13th postoperat ive day. On fo l l ow -u p ex a m i n ation 3 and 8 months lat e r, he was free of pain.
Case 13. Cauda Equina Injury
This 56-ye a r-old Caucasian man was re fe rred to DUMC in 1988 for eva l u ation of right lowe r-ex t re m i t y pain. Sixteen ye a rs earl i e r, he had suffe red a gunshot wound that trave rsed the L-3 ve rt eb ral body. This injury left him with immediate right lowe r-ex t remity pain and m o n o p l egia. Ap p rox i m at e ly 1 year after his injury, he s t a rted to ex p e rience a bu rning sensation with occasional shooting pains of an "electrical" ch a racter in the small toes on the right foot. A decompre s s ive laminectomy with re m oval of bone fragments was perfo rmed at this time, without pain re l i e f. His pain then increased in intensity and progressed to invo l ve the entire right lower ex t re m i t y b e l ow the knee and to a lesser extent the posterior aspect of the right thigh. A number of medications, tra n s c u t aneous nerve stimu l ation, and an ep i d u ral bl o ckade also failed to provide any pain re l i e f. Prior to admission, a ri g h t lumbar sympathetic nerve bl o ck and a spinal bl o ck we re p e r fo rm e d, but these also failed to provide pain re l i e f.
Examination. At ex a m i n ation the pat i e n t 's motor function of the right lower ex t remity was limited to minimal d o rs i fl exion of the large toe, and gross at ro p hy was present in the mu s cles below the knee. Fi g u re 3 gives an illust rat ive example of this type of condition in another patient with bilat e ral invo l vement (Case 6). Iliopsoas, q u a d ri c eps, and hamstring mu s cle strength was antigrav ity only. Similarly, sensation in the right lower ex t re m i t y was limited to pat chy hypesthesia ab ove the right knee. O t h e r w i s e, he was anesthetic from L3-S2. Refl exes we re absent in the right lower ex t remity and diminished on the left. Plantar responses we re dow n wa rd. Bowel and bl a dder functions we re intact, but the patient claimed he wa s u n able to get an erection. Electro myograp hy confi rm e d ch ronic denervation ch a n ges secondary to a mu l t i l eve l right lumbosacral ra d i c u l o p at hy.
Operation. A laminectomy from the T10-L1 ve rt eb ra l l evels revealed a norm a l -ap p e a ring conus medullaris. Th e l ower lumbar roots on the right side, howeve r, ap p e a re d grey and at rophic but we re not av u l s e d. Sixty ra d i o f req u e n cy DREZ lesions, each at 75˚C for 15 seconds, we re placed over a 5.1-cm distance along the right side of the c o nus medullaris. These lesions encompassed all ro o t s t h at either ap p e a red ab n o rmal or we re identified by intrao p e rat ive evo ked potential re c o rdings to be in the area of p a i n .
Postoperative Course. This pat i e n t 's bu rning pain in the right lower ex t remity was improved immediat e ly after the o p e ration. Compared to the pre o p e rat ive ex a m i n at i o n , t h e re we re no ch a n ges in motor, sensory, bowel, or bl a dder function postoperat ive ly. The patient was disch a rge d on the 6th postoperat ive day and has remained free of pain over a fo l l ow-up period of 5 ye a rs and 6 months.
Results
Pain relief at the most recent fo l l ow-up ex a m i n at i o n was graded as go o d, fa i r, or poor in the 39 patients studi e d. Patients cl a s s ified as having "good" pain re l i e f re q u i red no analgesics. Patients who felt that their pain was signifi c a n t ly re d u c e d, but who still re q u i red non-nar-FI G. 3. Case 6: Photograph of a patient with a cauda equina injury demonstrating characteristic "spindle-shaped" legs due to atrophy of the muscles innervated by the lumbosacral nerve roots. This patient suffered an L-5 vertebral body compression fracture in 1946 with resultant paraparesis and intractable lower-extremity pain. He walks with crutches and has a bilateral sensory loss below the L-5 dermatome. Left-sided conus medullaris dorsal root entry zone (DREZ) lesions resulted in complete pain relief over a followup period of 4 years and 2 months. A second operation that placed additional DREZ lesions more caudally on the left and also placed lesions on the right side of the conus medullaris has resulted in complete pain relief over a follow-up period of 2 years and 5 m o n t h s .
cotic medication for pain that no longer interfe red with their activities of daily liv i n g, we re considered to have a " fair" result. All others we re cl a s s i fied as having a "poor" result. Ove rall, after a mean fo l l ow-up period of 3 ye a rs , DREZ lesioning was successful in 29 patients (74%), with 21 patients (54%) having a good result and eight (20%) rep o rting a fair result. Fa c t o rs fre q u e n t ly associated with a successful outcome included an incomplete neuro l ogi c a l d e ficit, pain with an "electrical" ch a ra c t e r, and injury due to blunt trauma ( Table 2) .
Discussion
I n t ra c t able pain after spinal cord injury is a signifi c a n t p ro blem. Th e re are curre n t ly over 200,000 people in the United States who are parap l egics, and the nu m b e r i n c reases by more than 6600 each ye a r.
5 , 1 4 Ap p rox i m at e ly 25% of these patients develop medically intra c t abl e p a i n .
3 , 4 , 1 9 , 2 2 M o re ove r, this pain is rep e t i t ive ly cited by these patients as the most significant factor preve n t i n g them from wo rk i n g 2 2 and lowe ring their quality of life. 1 1 In fact, in one study, more than one-third of patients with i n j u ries to the lower spine we re willing to trade sex u a l , b owel, or bl a dder function for pain re l i e f. 1 9 S u ch ch ro n i c, u n remitting pain fru s t rates re h ab i l i t ation strat egies and often leads to narcotic add i c t i o n .
Patients with intra c t able pain after trauma to the spine should always be eva l u ated initially for mechanical causes of pain such as nerve root impingement or spinal instab i l i t y. If these inve s t i gations do not reveal an etiology fo r the pain syndro m e, then a number of options can be con- 1 , 6 , 1 4 D o rsal root entry zo n e lesions, howeve r, have not been successful in tre ating pain s e c o n d a ry to peri p h e ral nerve injury such as occurs in sciatica or stump pain. 2 4 , 2 5 In addition, other authors have noted less favo rable results using DREZ lesions for pain after injuries of the lower spinal cord. 2 1 Th e re fo re, the effic a cy of DREZ lesions in the tre atment of pain after i n j u ries to the conus medullaris and cauda equina, wh e re both the lower spinal cord and the peri p h e ral nerve ro o t s a re invo l ve d, has come under question. Furt h e rm o re, the risks of placing abl at ive lesions in the conus medullaris in p atients with incomplete neuro l ogical deficits have not been cl e a rly establ i s h e d.
The DREZ pro c e d u re was introduced in 1976 and has been used at DUMC since that time with va rious indicat i o n s . 1 7 The goal of the pro c e d u re is the destruction of the d e a ffe rented second-order neurons in the DREZ regi o n . The ra d i o f re q u e n cy DREZ lesions are confined to the s u p e r ficial portions of the DREZ with sharp interfaces at the bord e rs of the white matter tra c t s . 8 The rationale fo r this ap p ro a ch is based on wo rk that demonstrated paroxysmal hy p e ra c t ivity of these neurons after deaffe re n t ation injuri e s .
9 , 1 0 , 2 3 Because DREZ lesions fail to tre at i n t ra c t able pain that occurs after injuries to peri p h e ra l n e rves distal to the dorsal root ganglion, such pain is thought to ori gi n ate by a diffe rent mech a n i s m . 2 4 , 2 5 On the other hand, pain from cauda equina injuries seems to respond to some degree to stimu l ation and other abl at ive p ro c e d u re s . 2 6 This suggests that pain after injury to the p e ri p h e ral nerves proximal to the dorsal root ga n g l i o n , s u ch as those in the cauda equina and those adjacent to the c o nus medullaris, results from deaffe re n t ation. Th e re fo re, DREZ lesions may be efficacious in patients with i n t ra c t able pain after injuries to the conus medullaris and cauda equina.
The results from this study suggest that a number of p atients with injuries to the conus medullaris and cauda equina are like ly to ach i eve good pain relief with DREZ lesions. Ove rall, 54% of patients tre ated (21 of 39) obtained good results, and another 20% (eight of 39) obtained fair results. Th e re fo re, the ove rall success rate fo r the DREZ pro c e d u re in this subset of patients was 74%. These results compare favo rably with those in pat i e n t s with injuries ex cl u s ive ly of the spinal cord, rep o rted prev i o u s ly from this same institution.
7 , 1 5 S u ch favo rabl e results are like ly associated with the gre ater number of p atients in this series who rep o rted "electrical" and "end zone" pain.
3 P revious studies have indicated that both these ch a ra c t e ristics are associated with a better chance of pain relief after DREZ lesions. Similarly, patients with i n j u ries of the conus medullaris and cauda equina are m o re like ly to have incomplete neuro l ogical deficits, and this finding has also corre l ated with a higher likelihood of success with DREZ lesions. The presence of metal fragments or a spinal cord syrinx had no pre d i c t ive va l u e, and as has been found in other studies, their re m oval or d ra i n age did not seem to affect the rate of pain re l i e f. 2 0 This favo rable response to DREZ lesions in patients with t ra u m atic injuries to the conus medullaris and cauda equina suggests that the intraspinal peri p h e ral nerve i n j u ries associated with spinal trauma may produce pain t h rough a deaffe re n t ation mech a n i s m .
The absolute role of the intra m e d u l l a ry syrinx found in s even patients in this series is difficult to assess. Th e d evelopment of a posttra u m atic intra m e d u l l a ry syrinx is a k n own cause of delayed pain after spinal cord injury, although the mechanism is not well unders t o o d. Case 18,  rep o rted ab ove, is illustrat ive of patients who typically d evelop pain seve ral ye a rs after injury and are found to h ave an intra m e d u l l a ry syrinx. Though one cannot pre d i c t wh at the outcome in these patients would have been without the use of DREZ lesions, one should be cautious in at t ri buting the pain entire ly to the syrinx. The results of this rev i ew demonstrate that patients with a syrinx fa re d no better than those without a syrinx, and prev i o u s ly rep o rted ex p e rience with this same group of patients suggests that DREZ lesioning supplements syrinx dra i n age when the goal is consistent and long-term pain re l i e f. 1 8 Although this pro c e d u re is associated with some comp l i c ations, they seem to be accep t able in this patient popu l ation. Ove rall, 79% of patients (31 of 39) underwent this p ro c e d u re without major complications, and there we re no peri o p e rat ive deaths (Table 3) . Intere s t i n g ly, all major c o m p l i c ations occurred in patients with prior direct injury to the area of the conus medullaris. This meant that s u rge ry in these patients re q u i red ex p o s u re of an often s eve re ly distorted conus medullaris through ab n o rmal tissue and that adequate cl o s u re of the incision and identific ation of the DREZ we re considerably more difficult. In these patients DREZ lesions may have been placed incorre c t ly in the spinal cord. In addition, complications assoc i ated with loss of bowel, bl a dd e r, or sexual function, weakness, or paresthesias we re dispro p o rt i o n at e ly rep resented in patients who underwent bilat e ral DREZ lesions. As a result of these findings, in patients with injuri e s i nvolving ve rt eb ral segments T10-L1, special care is re commended during incision cl o s u re and identifi c ation of the DREZ. In addition, bilat e ral DREZ lesions in the c o nus medullaris should be avoided when pre s e rvation of n e u ro l ogical function is a high pri o ri t y. It should be re m e m b e re d, howeve r, that many of these patients are willing to trade loss of neuro l ogical function, incl u d i n g bl a dd e r, bowel, or sexual function, for pain re l i e f. 1 9 In conclusion, it ap p e a rs that a majority of patients with i n t ra c t able pain from trauma to the conus medullaris and cauda equina can be re l i eved signifi c a n t ly by DREZ lesions placed in the conus medullaris. Although significant tissue damage at the site of the operat ive ex p o s u re and bilat e ral lesions resulted in a higher complication rat e, the ave rage rate of complication is accep t able to many of these pat i e n t s .
